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After applying 14C02 it could be demonstrated that the development of galls and side shoots on Ageratina 
adenophora K. & R. plants markedly changed the distribution of assimilates within the plant. Such a 
redistribution of assimilates/photosynthate explains the reduced reproductive vigour previously reported for 
this weed. In order to have a long-term detrimental effect on plant growth heavy and persistent galling will be 
necessary. 
Na die toediening van 14C02 kon gedemonstreerword dat die ontwikkeling van galle en sytakke op Ageratina 
adenophora K. & R. plante 'n merkbare invloed gehad het op die verdeling van assimilate in die plante. 
Hierdie herverdeling van reserwes verklaar die verlaagde reproduktiewe aktiwiteit wat voorheen vir hierdie 
onkruid beskryf is. Ten einde 'n langtermyn nadelige invloed op die groei van die plant te he, is dit nodig dat 
hewige en aanhoudende galvorming plaasvind. 
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Introduction 
The development of galls on crofton weed, Ageratina 
adenophora K. & R., by the gall fly Procecidochares utilis 
Stone causes a reduction in the vegetative and reproductive 
vigour of the plant (Bess & Haramoto 1956). Heavy galling 
frequently results in plant death. The reason for this reduced 
growth and reproductive vigour is not known. It has, how-
ever, been suggested that plant galls act as strong nutrient 
sinks (Van Staden et al. 1977). This aspect was investigated 
using crofton weed as an experimental model, particularly as 
gall induction and development under laboratory conditions 
has been achieved (Bennett & Van Staden 1986). 
Materials and Methods 
In order to develop as simple an experimental system as 
possible, single-stemmed cuttings of A. adenophora (syn. 
Figure 1 Upper view of an A. adenophora plant showing a 
growing gall and the damage done to the shoot apex. 
Eupatorium adenophorum Spreng) were rooted and grown 
in pots until the plants had developed five pairs of leaves. 
To produce plants with growing galls, half of the plants 
were grown in the presence of P. utilis flies in insect-proof 
cages as described earlier (Bennett & Van Staden 1986). 
The other half were grown in the absence of flies. As it was 
not possible to control the number of eggs laid by the 
female flies, different size galls developed. The plants with 
very small and very large galls were discarded. In some 
instances side shoots developed on the plants. These were 
retained as it was felt that such plants represented the field 
situation. 
About halfway through the growth phase of the galls 
(Figure 1), control and galled plants, with and without side 
shoots, were exposed to 14C~. Leaves at different positions 
on the plant were treated. Upper treated leaves were those 
attached to the fourth node from the apex (two nodes below 
the gall) while lower treated leaves were those attached to 
the sixth node (four nodes below the gall). A minimum of 
three plants were used for each treatment. In a separate 
experiment, 14C~ was applied to a leaf attached to growing 
and 'windowed' galls respectively (Figure 2). 
For the application of 14C~ the leaves to be treated were 
enclosed in modified 500-cm2 round-bottom flasks (Figure 
3). Approximately similar quantities of crystals of Bal4C03 
(specific activity 260 mCi g-l) were placed in the tube 
attached to the injection port which was then sealed with a 
rubber seal. 14C~ was released by injecting two drops of 
H2S04 onto the Bal4C03 through the rubber seal. All plants 
were maintained in a greenhouse and the round-bottom 
flasks removed after four hours. The plants were left for a 
further 60 h and were then divided into the following 
fractions: For the non-galled control plants: the treated leaf, 
the stem and leaves (including the leaf opposite the treated 
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leaf) above the treated leaf, the stem and leaves below the 
treated leaf, the roots, and the side shoots, where applicable. 
For the galled plants the following additional fractions were 
collected: the gall and the shoot above the gall. For these 
plants the stem and leaves between the gall and the treated 
leaf was considered to be comparable with the stems and 
leaves above the treated leaf of the control, ungalled plants. 
All plant material was dried at 80°C for 48 h and their 
dry masses were detennined. The material was ground to 
homogenous powders which were analysed for radioactivity. 
Three lO-mg subsamples were weighed into plastic mini-
scintillation vials and digested with 0.5 mil: 1 perchloric 
acid: hydrogen peroxide at 60°C for 5 h (Brevedan & 
Hodges 1978). After cooling, 4 cm3 of Beckman Ready Solv 
EP scintillation fluor was added to each vial. The radio-
activity was then determined by using a Beckman LS 3800 
liquid scintillation counter. The results were expressed as a 
mean percentage of the total found in the various plant parts 
Figure 2 'Windowed' galls of A. aderwphora showing the 
openings from which the mature flies have escaped. 
Figure 3 Modified 500-ml round-bottom flask used to apply 
14C02 to a single leaf on an A. aderwphora plant. The arrow 
indicates the port for the incorporation of Ba14C03 and the sea! 
through which H2S04 was applied. 
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and thus represent the radioactivity exported from the 
treated leaf. 
Results and Discussion 
From the results presented in Table 1 it can be seen that, on 
average, the leaves from galled and control plants exported 
only about 33% of the radioactive 14C absorbed by the 
leaves after 64 h, suggesting that the presence of a gall per 
se did not increase overall export from the treated leaves. 
However, the partitioning of the exported 14C was affected 
by the presence of galls, side shoots, and whether or not 
upper or lower leaves had been treated (Tables 2 - 4). This 
is in agreement with findings reported for other plants 
(Larson & Dickson 1986). With respect to ungalled control 
plants without side shoots, it is clear that if an upper leaf 
was treated, proportionally more of the exported 14C ended 
up in the shoot above the treated leaf [39% compared to 
15% in the upper leaves (Table 2)] . With the treatment of 
the lower leaf, 85% of the 14C moved to the region below 
the treated leaf (Table 2). The presence of side shoots 
increased this value to 94% when a lower leaf was treated. 
Even when an upper leaf was treated the side shoot still 
acted as a stronger sink. 
When galls developed on single-stemmed plants, the 
apical region including the gall developed a greater sink 
strength (Table 3). This sink strength was such that it even 
resulted in greater export of 14C to the apical region of the 
shoot when 14C~ was applied to the lower leaves. The 
development of side shoots resulted in the development of a 
strong competitive sink. However, the effect of the gall was 
Table 1 The distribution of radioactivity from leaves 
of A. adenophora treated with 14C02 
Condition of plant 
analysed 
Ungalled plants 
Plants with growing galls 
Percentage radioactivity 
Treated leaf 
66.9 
66.1 
Rest of the plant 
33.1 
33.9 
Table 2 The percentage of total radioactivity 
recovered in the various fractions of ungalled A. 
adenophora plants following exposure of upper or 
lower leaves to 14C02 for 4 h. Plant material was 
collected for analysis 60 h later 
Plant parts 
analysed 
Plants without side shoots 
Stem and leaves above treated leaf 
Stem and leaves below treated leaf 
Roots 
Plants with side shoots 
Stem and leaves above treated leaf 
Stern and leaves below treated leaf 
Roots 
Side shoots 
Percentage radioactivity 
Position of treated leaf 
Upper Lower 
39 
46 } 61 
IS 
26 
59 } I~ 74 
IS 
64 } 85 
21 
6 
27 } 36 94 
31 
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Table 3 The percentage of total radioactivity 
recovered in the various fractions of A. adenophora 
plants bearing growing galls following exposure of 
upper or lower leaves to 14 CO2 for 4 h. Plant material 
was collected for analysis 60 h later 
Plant parts 
analysed 
Plants without side shoots 
Shoot above gall 
Gall 
Stem and leaves between gall and treated leaf 
Stem and leaves below treated leaf 
Roots 
Plants with side shoots 
Shoot above gall 
Gall 
Stem and leaves between gall and treated leaf 
Stem and leaves below treated leaf 
Roots 
Side shoots 
Percentage radioactivity 
Posi tion of treated leaf 
Upper Lower 
15 } 11 } 32 59 35 59 
12 13 
~~ }41 30} 41 II 
I; }43 lO} 25 45 
21 lO 
12 } 20 } 25 57 14 55 
20 21 
Table 4 The percentage of total radioactivity 
recovered in the various fractions of A. adenophora 
plants bearing growing and 'windowed' galls (from 
which the mature flies have escaped) following 
exposure of a leaf attached to the gall to 14C02 for 4 h. 
Plant material was collected for analysis 60 h later 
Plant parts 
Percentage radioactivity 
analysed Growing gall 'Windowed' gall 
Shoot above gall 18 
} 57 
\3 
} 21 Gall 35 4 
Adjacent leaf on the gall 4 5 
Stem and leaves below treated leaf 13 
} 37 
45 
} 79 Roots 4 26 
Side shoots 20 g 
much stronger than that of the shoot apex alone (Tables 2 
and 3). That the growing gall acts as a strong sink was 
confirmed when the distribution of 14C in plants with 
growing galls was compared with that in plants with 
'windowed' galls (Table 4). In the case of the former, most 
14C was transported to the gall, while in the latter, despite 
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the fact that the treated leaf in this case was attached to the 
gall, most 14C moved past the gall to the lower parts of the 
shoot. 
The results from the radiochemical experiments have 
shown that P. utilis galls act as strong sinks and that they 
can divert photoassimilates destined for the roots. The 
development of side shoots create additional sinks which 
compete strongly with the galls and main shoot apex for 
assimilates. It would appear that the sink effect of the gall is 
operative during its growth phase and lasts for the duration 
of the larval phase, perhaps as a result of hormonal pro-
duction andlor accumulation by the larvae. Once the insects 
had emerged from the galls they lost their competitive 
advantage. 
The implications of these results for the biological control 
of A. adenophora by P. utilis are important. When the sink's 
range of influence and duration of activity are taken into 
account, it seems clear that for the sink to have any appreci-
able effect on the long-term vegetative growth of A. adeno-
phora, heavy and persistent galling would be necessary. As 
the side shoots act as strong sinks it will also be necessary 
for galls to develop on these in order to reduce the energy 
available for reproductive growth. This is supported by the 
observations made by Bess and Haramoto (1956). 
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